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RESEARCH ARTICLE
Comparative Effectiveness of Etanercept and
Adalimumab in Patient Reported Outcomes
and Injection-Related Tolerability
Iris Navarro-Millán1, Lisa J. Herrinton2, Lang Chen1, Leslie Harrold3, Liyan Liu2, Jeffrey
R. Curtis1*
1 University of Alabama at Birmingham, Birmingham, Alabama, United States of America, 2 Kaiser
Permanente, Northern California, San Francisco, California, United States of America, 3 University of




To describe patient preferences in selecting specific biologics and compare clinical
response using patient reported outcomes (PROs) among patients with rheumatoid arthritis
(RA) started on different anti-tumor necrosis factor (TNF) therapies.
Methods
Participants were enrollees in Kaiser Permanente Northern California. Patients with RA
who had at least two provider visits and started a new anti-TNF therapy from 10/2010–8/
2011, were eligible for participation in this longitudinal study. Using a telephone survey,
patient preferences in biologic selection and RAPID3, MDHAQ, and SF-12 scores were col-
lected at baseline and at 6 months. Patient scores rating injection/infusion-site burning and
stinging (ISBS) were collected at 6 months.
Results
In all, 267 patients with RA responded to the baseline survey, of whom 57% preferred an
injectable biologic, 22% preferred an infused biologic, and 21% had no preference. Motiva-
tion for injectable biologics was convenience (92%) and for infusion therapy was dislike or
lack of self-efficacy for self-injection (16%). After 6 months of treatment with anti-TNF, 70%
of the 177 patients who answered the ISBS question reported ISBS with the last dose; on a
scale of 1 (none) to 10 (worst), 41% of these reported a score of 2–5; and 29% reported a
score of 6–10. Adalimumab users experienced 3.2 times (95% confidence interval 1.2–8.6)
the level of ISBS that etanercept users experienced. There were no significant differences
in RAPID3, MDHAQ, or SF-12 scores between etanercept or adalimumab initiators.
Conclusion
Convenience and fear of self-injection were important considerations to patients selecting a
biologic drug. Although more convenient, adalimumab associated with more ISBS than did
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etanercept, and this rate was higher than reported in clinical trials. At 6 months, PROs did
not differ between etanercept and adalimumab users.
Introduction
In general, when medical treatments are being selected, most patients want to be offered
choices and the opportunity to give their opinion, even though a sizable proportion may want
their physician to make the final decision [1]. For this reason, it is important to understand
what matters to patients when choosing a therapeutic. Biologic use among patients with rheu-
matoid arthritis (RA) and other immune-mediated diseases is growing rapidly [2–5]. However,
knowledge of the specific issues that influence patient preferences or decision-making during
selection of biologic drugs is limited [6, 7] and most of the studies that have investigated the
reasons for treatment choice in RA predominantly addressed physician preferences [8–10].
One study reported that efficacy, safety, and convenience were the most important consider-
ations to patients [6]. Comparative effectiveness studies have shown no significant differences
among anti-tumor necrosis factor (TNF) medications in clinical disease activity, measured by
the disease activity score in 28 joints (DAS28), clinical disease activity index (CDAI), or serious
adverse events [11, 12]. However, when selecting treatments, it is also important that patients
have information about the outcomes experienced most directly by other patients, known as
patient reported outcomes (PROs). Few head-to-head comparative effectiveness studies of bio-
logics have assessed differences in PROs. Although these studies suggest that patients selecting
infused and injected therapies have different definitions of convenience and other differences
in priorities [6, 13], further clarification is needed. Therefore, comparative effectiveness studies
between any two specific anti-TNFs, purely from the patient and PRO standpoint, are needed.
Furthermore, self-efficacy to administer injections is thought to be important to patients
with RA when selecting a biologic agent [14]. It is important to give patients information about
the tolerability of injections because patients can experience pain and adverse skin reactions
with injectable formulations. The prevalence of these symptoms has been reported to be 15%-
20% in clinical trials [15, 16], but information from a survey of patients of 113 community-
based rheumatologists indicated a much higher prevalence, about 60%, with 22% of the cohort
reporting moderate to severe pain [17]. The objectives of this study, conducted in a cohort of
patients with RA enrolled in a large, population-based healthcare system in the U.S., were: 1) to
determine factors influencing patients’ decision-making for the selection of specific biologics,
focusing on the choice between injectable versus infused agents; 2) to examine the tolerability
of subcutaneously administered injections; and 3) to compare PROs between initiators of adali-
mumab and initiators of etanercept within this cohort.
Methods
Patient eligibility and selection
Patients eligible for this study included English-speaking enrollees in Kaiser Permanente
Northern California, a large, well-characterized, integrated care organization. Patients with RA
were considered preliminarily eligible for the survey if they had at least two provider visits for
RA and started a new anti-TNF therapy while enrolled in Kaiser Permanente during the period
of October 2010 through August 2011. These individuals were identified within 1 week of initi-
ation using computerized pharmacy information from the electronic medical record and were
invited to complete a baseline telephone survey and 6-month follow-up survey. Patients either
could have been biologic naïve or could have switched from a previous biologic agent.
PROs: Etanercept versus Adalimumab
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Permission from the treating rheumatologist and confirmation that the patient had RA were
also required. The baseline survey was conducted at the time of initiation of anti-TNF therapy
and another survey was conducted 6 months later.
Surveys
Patients participated in a phone survey. Participants provided a verbal informed consent; a
written consent was not feasible given that the survey was conducted over the phone. The
assent was recorded in the study database, mainly by the mere fact that we quit the call if they
said no. Kaiser Northern California IRB approved this consent procedure and the study.
Patient demographics and descriptive information on preferences and factors in selecting an
injectable or infused biologic were collected on the baseline survey “S1 Document” for specific
details on the survey instrument). Information regarding tolerability of injections and infu-
sions, including pain and injection/infusion-site burning and stinging (ISBS), was collected on
the 6-month survey. Patients were asked how much burning and stinging they had with the
last biologic dose, rated on a scale from 1 (no pain) to 10 (as bad as it could be). The PROs
selected were easy to collect during the survey and were validated to reliably address the data
regarding the participant’s disease status. The PRO instruments used in the survey (both at
baseline and the 6-month follow-up survey) included the Multidimensional Health Assessment
Questionnaire (MDHAQ), the Routine Assessment of Patient Index Data 3 (RAPID3), and the
Short Form Health Survey-12 (SF-12). The MDHAQ [18] includes 10 items and queries for
four responses: without any difficulty (= 0), with some difficulty (= 1), with much difficulty (=
2), and unable to do (= 3), providing a total score of 0–10 [18, 19]. The RAPID3 [19] measures
parameters of disease activity (function, pain, and patient global estimate of status) that are
each scored on a scale of 0–10, giving a raw total score of 0–30. Higher scores on the MDHAQ
scale and the RAPID3 scale represent worse functional status. The SF-12 physical composite
scale (PCS) and mental composite scale (MCS) [20] is a multipurpose short form survey with
12 questions [21]. The questions were combined, scored, and weighted to create two scales that
provide glimpses into mental and physical functioning and overall health-related quality of life
[22]. The SF-12 uses a scale from 0–100 with a median score of 50 for both the PCS and the
MCS components; lower scores suggest worse functional impairment.
Statistical analysis
Descriptive statistics were used to summarize factors related to preferences for route of admin-
istration and for specific biologics, and to summarize the magnitude of ISBS and correlations
between ISBS and PROs. This analysis focused on the two biologics used most commonly in
the Kaiser Permanente population: adalimumab and etanercept. We used nonparametric sta-
tistics to compare the median ISBS scores of adalimumab and etanercept users. Polynomial
logistic regression analysis was used to assess factors associated with ISBS after dividing
patients into three categories based on their ISBS score: 1–5 (reference group), 6–8, and 9–10.
The polynomial logistic regression compared adalimumab with etanercept after adjusting for
potential confounders including age, sex, RA disease duration, prior biologic use, and fibromy-
algia. The latter two variables were forced into the model based upon clinical interest.
To evaluate the comparative effectiveness of biologics with regard to PROs, we used a multi-
variate ordinary least square regression to evaluate change in each PRO at 6 months, compar-
ing adalimumab initiators with etanercept initiators and controlling for multiple potential
confounders including age, sex, RA disease duration, and prior biologic use. The analysis
included all patients who contributed both a baseline and a 6-month survey (per-protocol anal-
ysis), irrespective of whether or not they remained on the therapy that they initiated. We also
PROs: Etanercept versus Adalimumab
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conducted a sensitivity analysis using an intent-to-treat analysis in which the baseline survey
PRO was carried forward to the 6-month survey for patients who were lost to follow-up.
Patients provided consent to participate, and approval for the study was granted by the Kaiser
Foundation Research Institute Institutional Review Board.
Results
The number of preliminarily eligible patients with RA was 428 (Fig 1), of which 314 received
physician approval, could be contacted, and were eligible for the study. Of these, 267 (85%)
completed the baseline telephone survey. A minority (N = 25) initiated anti-TNF drugs other
than adalimumab or etanercept, and these individuals were not further considered. The
remaining 242 patients initiated etanercept (N = 151) or adalimumab (N = 91). Among those
patients that initiated etanercept or adalimumab during the baseline survey, 187 (77%) com-
pleted the subsequent 6-month follow-up telephone survey (regardless of switching or stopping
the initial medication at the 6-month survey).
Mean age of the 242 patients included in the study was 54.4 (SD ± 12.1) years and 73% were
females. Further details about patient characteristics are listed in Table 1. At baseline, 56% of
patients reported that they participated in the selection of their specific biologic drug. The
majority of these (57%) preferred an injectable biologic, 22% preferred an infused biologic, and
Fig 1. Flow diagram showing patient selection at baseline.
doi:10.1371/journal.pone.0149781.g001
PROs: Etanercept versus Adalimumab
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21% had no preference. Patients preferring injection biologics were mainly motivated by con-
venience (92%); those preferring infusion therapy were motivated by dislike of needles or injec-
tions overall or lack of self-efficacy for self-injection (16%). A total of 78% of patients reported
significant improvement in their RA as the main advantage of taking a biologic drug.
In all, 177 responders rated ISBS with the last dose of their injectable biologic. The incidence
of ISBS for these responders was 70%; 30% of responders reported no ISBS (score = 1 out of a
maximum of 10), 41% reported levels between 2 and 5, and 29% reported levels between 6 and
10. Forty-five percent of the patients on injectable biologics listed the level of ISBS or difficulty
with needles as a primary inconvenience of using injectable biologics. After 6 months of treat-
ment, 2% of patients initially on an injectable biologic reported that ISBS was the reason they
switched to another injectable biologic and 1% reported ISBS as the reason they switched to an
infusion biologic. This suggests that despite the fact the ISBS was highly prevalent (70%) it was
not a major reason for patients to switch biologics.
Of the 187 adalimumab and etanercept initiators who completed the 6-month follow-up
survey, 154 (82%) answered the question regarding ISBS. Fig 2 illustrates the level of ISBS for
Table 1. Etanercept and adalimumab patient characteristics at the time of the baseline survey*.
Biologic Naïve Biologic-Experienced
ADA (N = 28) ETA (N = 136) ADA (N = 63) ETA (N = 15)
Demographics and RA-related variables
Age (years), mean (SD) 55 (12.3) 53 (11.9) 55 (11.2) 51 (12.7)
Female, % 57 73 84 67
Disease duration (years), mean (SD) 7.3 (12.1) 6.3 (9.0) 11.3 (10.6) 8.6 (7.9)
Smoking, %
Current 7.1 3.7 11.1 13.3
Non-smoker 75.0 88.2 84.1 80.0
Former smoker 17.9 8.1 4.8 6.7
Race, %
Caucasian 46 50 62 60
African American 25 8 5 7
Hispanic 7 21 13 20
Asian 7 2 5 0
Other 15 19 15 13
Medications
Prednisone, %
None 50.0 57.4 71.4 80.0
1–5 mg 32.1 23.5 22.2 6.7
6–10 mg 10.7 5.2 4.8 13.3
>10 mg 7.1 14.0 1.6 0
Comorbidities, %
Diabetes 7.1 8.8 12.7 13.3
Chronic obstructive pulmonary disease 10.7 15.4 27.0 26.8
Cardiovascular disease 3.6 1.5 1.6 0
Fibromyalgia 10.7 16.9 12.7 13.3
Joint surgery 3.6 0.7 1.6 0
*Baseline survey conducted at the time of initiation of anti-TNF therapy.
ADA, adalimumab; ETA, etanercept.
doi:10.1371/journal.pone.0149781.t001
PROs: Etanercept versus Adalimumab
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etanercept and adalimumab initiators only. In bivariate analysis, the median (interquartile
range (IQR)) level of ISBS for adalimumab and etanercept initiators was 3 (1, 6). The median
(IQR) level of ISBS was 5 (2, 6) for adalimumab and 3 (1, 6) for etanercept (p = 0.02). In multi-
variable adjusted analysis, increasing level of ISBS was associated with RA disease duration
(odds ratio [OR] 1.26; 95% confidence interval [CI] 1.04–1.53), younger age (OR 0.69; 95% CI
0.57–0.83), and use of adalimumab compared with etanercept (OR 3.23; 95% CI 1.21–8.62)
(Table 2). Level of ISBS was not correlated with change in PROs (data not shown).
The relationships of infused biologic with improvement in the RAPID3, MDHAQ, and SF-
12 are shown in Table 3, which includes only those patients who completed the 6-month
Fig 2. Distribution of ISBS reported for adalimumab and etanercept on the 6-month follow-up survey.Note: The dark pink color represents the overlap
between both etanercept and adalimumab.
doi:10.1371/journal.pone.0149781.g002
Table 2. The association of patient and disease factors with ISBS*.
Variable OR (95% CI)
Adalimumab referent to Etanercept 3.23 (1.21, 8.62)
Age, 5-year increment 0.69 (0.57, 0.83)
Prior biologic use 0.73 (0.27, 1.95)
RA disease duration (5-year increments) 1.26 (1.04, 1.53)
Fibromyalgia 1.02 (0.36, 2.90)
* The analysis used ordinal logistic regression, grouping the response variable as 1–5 (referent); 6–8; or
9–10. 1 = no ISBS and 10 = severe ISBS.
doi:10.1371/journal.pone.0149781.t002
PROs: Etanercept versus Adalimumab
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survey. For each biologic, each PRO was significantly improved after 6 months of therapy,
except the SF-12 PCS in the adalimumab group. For example, the mean MDHAQ improve-
ment exceeded the minimal clinically important difference of 0.22 for both adalimumab
(MDHAQ change = 0.8) and etanercept (MDHAQ change = 1.8) [23]. After multivariable
adjustment, there were no significant differences between etanercept and adalimumab in any
PRO. Age and RA disease duration were marginally associated with improvement in these
PROs after multivariable analysis but not to the point of achieving a p< 0.05 (Table 3 foot-
note). The results of the intent-to-treat analysis, in which the baseline visit data on PRO was
carried forward for the missing outcomes at the 6-month follow-up survey, were nearly identi-
cal “S1 Table”.
Discussion
To better characterize preferences for biologics and their tolerability and effect on PROs, we
obtained and analyzed longitudinal data for a community-based population of patients with
RA starting new biologic agents. The study revealed that 56% of patients with RA shared the
decision about biologic selection with their physician and that the route of administration
(injectable vs. infusion) was important in choosing one biologic over another. The decision
about whether to use an infused or injected biologic was largely influenced by the patient’s
Table 3. Crude and adjusted comparison of PROs between adalimumab and etanercept initiators (per-protocol analysis).
Changes in Patient Reported Outcomes (PRO) Adalimumab Initiators (N = 69) EtanerceptInitiators (N = 118)
RAPID3 (0–30 scale)
Baseline mean (SD) 15.9 (5.9) 16.6 (5.7)
Crude (mean, SD) improvement at 6 mo compared with baseline† -3.6 (5.5)* -6.6 (7.1)*
Adjusted mean difference (β, 95% CI) at 6 months 2.2 (-0.32, 4.71) Referent
MDHAQ (0–10 scale)
Baseline mean (SD) 3.6 (2.0) 3.6 (2.0)
Crude (mean, SD) improvement at 6 mo compared with baseline† -0.8 (1.6)* -1.3 (1.8)*
Adjusted mean difference (β, 95% CI) at 6 months 0.5 (-0.11, 1.13) Referent
SF-12 PCS (0–100 scale)
Baseline (mean, SD) 31.2 (10.6) 30.5 (10.2)
Crude (mean, SD) improvement at 6 mo compared with baseline‡ 1.8 (9.5)*** 6.0 (12.6)*
Adjusted mean difference (β, 95% CI) at 6 months -2.2 (-6.96, 2.65) Referent
SF-12 MCS (0–100 scale)
Baseline (mean, SD) 46.1 (13.1) 44.3 (12.8)
Crude (mean, SD) improvement at 6 mo compared with baseline‡ 4.8 (12.4)** 5.9 (13.3)*
Adjusted mean difference (β, 95% CI) at 6 months 0.05 (-4.54, 4.64) Referent
Includes only patients who completed the baseline and 6-month survey (per-protocol analysis).
Note: the adjusted mean difference at 6 months for each PRO was adjusted for age, gender, RA disease duration, prior biologic, and baseline PRO.
P-values for mean crude changes in PROs
* p = 0.0001
**p = 0.004
***p = 0.16.
RAPID3, Routine Assessment of Patient Index Data 3; MDHAQ, Multidimensional Health Assessment Questionnaire; SF-12 MCS, Short Form Health
Survey-12 mental composite scale; SF-12 PCS, Short Form Health Survey-12 physical composite scale; SD, standard deviation; mo = months.
†Negative values for mean MDHAQ and RAPID3 differences at 6 months equals improvement.
‡ Positive values for mean SF-12 PCS/MCS differences at 6 months equals improvement.
doi:10.1371/journal.pone.0149781.t003
PROs: Etanercept versus Adalimumab
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preference to have the medication administered by a clinician at an infusion clinic or to admin-
ister the medication by themselves at home. In addition, the study found no differences in
PROs between patients treated with adalimumab and etanercept.
These results were very similar to those observed in a separate community-based study of
RA, in which 50% of patients with RA [6] chose injectable anti-TNF [6]. In another study of
ankylosing spondylitis, 61% of patients chose injectable anti-TNF because of convenience [13].
The same study revealed that the majority (80%) of the patients chose their biologic as part of a
shared decision with their treating physician [13], similar to the present report. Thus, shared
decision making between patients and their physicians regarding selection of biologic therapy,
as well as the preference for injectable biologics because of convenience, is consistent across
populations and rheumatologic diseases.
The findings we report here also are similar to those of a previous study in which the preva-
lence of ISBS was 59%, compared with our estimate of 70% [17]. Although ISBS was common
in our study, it rarely (2%) influenced the patient’s decision to change to a different injectable
biologic. A possible explanation is that the overall improvement obtained with the biologic off-
sets the discomfort of ISBS for the majority of patients; this hypothesis is supported by the lack
of correlation between the improvement in PROs and increase in ISBS observed as part of this
analysis.
Previous studies demonstrated no difference in ISBS between adalimumab and etanercept,
except when the delivery mechanism was taken into account (i.e., pre-filled syringe, syringe, or
autoinjector) [17, 24]. The present study did not distinguish between delivery mechanisms
used for etanercept and adalimumab, but the association with ISBS was strong, with adalimu-
mab being less well tolerated. Clinicians who do not routinely ask about ISBS may consider
doing so because the prevalence of ISBS is high, and for a minority of patients, ISBS may be an
important part of their decision in choosing a biologic. There is no clear explanation for differ-
ences in ISBS experienced with these biologics, but potential differences in the pH (adalimu-
mab pH = 5.2; etanercept pH = 6.3) or other inactive ingredients could be contributing factors
to the differences in ISBS reported in our study [25, 26].
Several studies have suggested differences in treatment response with different anti-TNFs
depending on immunogenicity [27–30]; however, these differences generally have not been
observed in comparative effectiveness studies that did not make that distinction [11, 12]. The
present community-based study confirms that etanercept and adalimumab are similar with
regard to effect on PROs. In general, the mean response in each PRO was equal or greater than
the minimal clinically important differences in RAPID3 (3.6 units), HAQ (0.22 units), and the
PCS and MCS of the SF-36 (5 units), except for the SF-12 PCS for adalimumab [23, 31–33].
This information emphasizes that regardless of the possible decrease in treatment response due
to immunogenicity, from the patient perspective (an aspect that has not been studied exten-
sively in comparative effectiveness studies), there is no major difference between the two most
commonly used injectable anti-TNFs (adalimumab and etanercept).
Our study has several strengths. Comprehensive outcomes included patient preferences,
ISBS, and PROs. Compared with data in past reports; our data has greater generalizability to
community-based populations treated by numerous physicians across geographic locations.
Furthermore, the sample size (N = 267) was larger than in past studies (N<100) [13, 24]; the
response rates to the baseline (85%) and follow-up (77%) surveys were high; and the study was
longitudinal, whereas past studies were not [6, 17].
The study also has limitations, including its setting in a single region of the U.S. within a sin-
gle healthcare system and the inclusion of too few golimumab and certolizumab users for anal-
ysis. A minority of patients did not complete the follow-up survey, and we were unable to
assess the reason for lack of follow-up, be it an adequate response to treatment or other,
PROs: Etanercept versus Adalimumab
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although the intent-to-treat analysis indicated that this weakness was unlikely to have a major
effect on the study. Another limitation is the short follow-up period between the baseline and
follow up survey (6 months). Finally, it is possible that our survey did not include items that
could be representative of how the patients felt regarding the use of injectable biologics (e.g.,
sense of security or aversion to going to the hospital for medication administration).
In conclusion, the selection of biologics for the treatment of RA appears to be a shared deci-
sion between patient and physician. Although the prevalence of ISBS was high, especially in
adalimumab patients, this did not lead to discontinuation or changes in medication. Etanercept
and adalimumab were similar in effectiveness with respect to PROs. Further investigation with
longer follow-up data to evaluate patient expectations about effectiveness, safety, and tolerabil-
ity with regard to medication adherence would be useful for improving long-term outcomes on
biologic therapies and to confirm the results of the present study.
Supporting Information
S1 Document. Baseline and Follow up Survey Instrument.
(DOCX)
S1 Table. Crude and adjusted comparison of patient reported outcomes between adalimu-
mab and etanercept (intent-to-treat analysis).
(DOCX)
Author Contributions
Conceived and designed the experiments: INM LJH LC LH LL JRC. Performed the experi-
ments: INM LJH LC LH LL JRC. Analyzed the data: INM LJH LC LH LL JRC. Contributed
reagents/materials/analysis tools: INM LJH LC LH LL JRC. Wrote the paper: INM LJH LC LH
LL JRC.
References
1. LevinsonW, Kao A, Kuby A, Thisted RA. Not all patients want to participate in decision making. A
national study of public preferences. Journal of general internal medicine. 2005; 20(6):531–5. doi: 10.
1111/j.1525-1497.2005.04101.x PMID: 15987329; PubMed Central PMCID: PMC1490136.
2. Sokka T, Envalds M, Pincus T. Treatment of rheumatoid arthritis: a global perspective on the use of
antirheumatic drugs. Mod Rheumatol. 2008; 18(3):228–39. Epub 2008/04/26. doi: 10.1007/s10165-
008-0056-x PMID: 18437286; PubMed Central PMCID: PMC2668379.
3. Sokka T, Hannonen P, Mottonen T. Conventional disease-modifying antirheumatic drugs in early arthri-
tis. Rheumatic diseases clinics of North America. 2005; 31(4):729–44. doi: 10.1016/j.rdc.2005.07.007
PMID: 16287594.
4. Yazici Y, Shi N, John A. Utilization of biologic agents in rheumatoid arthritis in the United States: analy-
sis of prescribing patterns in 16,752 newly diagnosed patients and patients new to biologic therapy. Bul-
letin of the NYU hospital for joint diseases. 2008; 66(2):77–85. PMID: 18537774.
5. Zhang J, Shan Y, Reed G, Kremer J, Greenberg JD, Baumgartner S, et al. Thresholds in disease activ-
ity for switching biologics in rheumatoid arthritis patients: experience from a large U.S. cohort. Arthritis
Care Res (Hoboken). 2011; 63(12):1672–9. doi: 10.1002/acr.20643 PMID: 21954144; PubMed Central
PMCID: PMC3227763.
6. Scarpato S, Antivalle M, Favalli EG, Nacci F, Frigelli S, Bartoli F, et al. Patient preferences in the choice
of anti-TNF therapies in rheumatoid arthritis. Results from a questionnaire survey (RIVIERA study).
Rheumatology. 2010; 49(2):289–94. doi: 10.1093/rheumatology/kep354 PMID: 19920093.
7. Chilton F, Collett RA. Treatment choices, preferences and decision-making by patients with rheumatoid
arthritis. Musculoskeletal care. 2008; 6(1):1–14. doi: 10.1002/msc.110 PMID: 17726671.
8. Zhang J, Xie F, Delzell E, Chen L, Kilgore ML, Yun H, et al. Trends in the use of biologic agents among
rheumatoid arthritis patients enrolled in the USmedicare program. Arthritis care & research. 2013; 65
(11):1743–51. doi: 10.1002/acr.22055 PMID: 23754804.
PROs: Etanercept versus Adalimumab
PLOSONE | DOI:10.1371/journal.pone.0149781 March 23, 2016 9 / 11
9. Pease C, Pope JE, Truong D, Bombardier C, Widdifield J, Thorne JC, et al. Comparison of anti-TNF
treatment initiation in rheumatoid arthritis databases demonstrates wide country variability in patient
parameters at initiation of anti-TNF therapy. Seminars in arthritis and rheumatism. 2011; 41(1):81–9.
doi: 10.1016/j.semarthrit.2010.09.004 PMID: 21168187.
10. Curtis JR, Chen L, Harrold LR, Narongroeknawin P, Reed G, Solomon DH. Physician preference moti-
vates the use of anti-tumor necrosis factor therapy independent of clinical disease activity. Arthritis care
& research. 2010; 62(1):101–7. doi: 10.1002/acr.20020 PMID: 20191497; PubMed Central PMCID:
PMC2913388.
11. Jobanputra P, Maggs F, Deeming A, Carruthers D, Rankin E, Jordan AC, et al. A randomised efficacy
and discontinuation study of etanercept versus adalimumab (RED SEA) for rheumatoid arthritis: a prag-
matic, unblinded, non-inferiority study of first TNF inhibitor use: outcomes over 2 years. BMJ open.
2012; 2(6). doi: 10.1136/bmjopen-2012-001395 PMID: 23148339; PubMed Central PMCID:
PMC3532970.
12. Greenberg JD, Reed G, Decktor D, Harrold L, Furst D, Gibofsky A, et al. A comparative effectiveness
study of adalimumab, etanercept and infliximab in biologically naive and switched rheumatoid arthritis
patients: results from the US CORRONA registry. Annals of the rheumatic diseases. 2012; 71(7):1134–
42. doi: 10.1136/annrheumdis-2011-150573 PMID: 22294625.
13. Fajri DW, Brand CA, Dharmage SC, Martin BJ, Buchanan RR, Schachna L. What factors determine
patients' preference for tumour necrosis factor inhibitors in ankylosing spondylitis? Clinical rheumatol-
ogy. 2009; 28(5):599–602. doi: 10.1007/s10067-009-1104-4 PMID: 19219481.
14. Barton JL. Patient preferences and satisfaction in the treatment of rheumatoid arthritis with biologic
therapy. Patient preference and adherence. 2009; 3:335–44. PMID: 20016797; PubMed Central
PMCID: PMC2792871.
15. Etanercept Prescribing information: Amgen and Pfizer; 1998. Available: http://pi.amgen.com/united_
states/enbrel/derm/enbrel_pi.pdf. Accessed 18 August 2013.
16. Adalimumab prescribing information: Abbot; 2002. Available: http://www.accessdata.fda.gov/
drugsatfda_docs/label/2008/125057s114lbl.pdf. Accessed 18 August 2013.
17. Curtis JR, Hobar C, Hansbrough K. Injection-site burning and stinging in patients with rheumatoid arthri-
tis using injectable biologics. Current medical research and opinion. 2011; 27(1):71–8. Epub 2010/11/
26. doi: 10.1185/03007995.2010.534959 PMID: 21091097.
18. Pincus T, Swearingen C, Wolfe F. Toward a multidimensional Health Assessment Questionnaire
(MDHAQ): assessment of advanced activities of daily living and psychological status in the patient-
friendly health assessment questionnaire format. Arthritis Rheum. 1999; 42(10):2220–30. Epub 1999/
10/19. doi: 10.1002/1529-0131(199910)42:10<2220::AID-ANR26>3.0.CO;2–5 PMID: 10524697.
19. Pincus T, Swearingen CJ, Bergman M, Yazici Y. RAPID3 (Routine Assessment of Patient Index Data
3), a rheumatoid arthritis index without formal joint counts for routine care: proposed severity categories
compared to disease activity score and clinical disease activity index categories. J Rheumatol. 2008;
35(11):2136–47. PMID: 18793006.
20. Gandek B, Ware JE, Aaronson NK, Apolone G, Bjorner JB, Brazier JE, et al. Cross-validation of item
selection and scoring for the SF-12 Health Survey in nine countries: results from the IQOLA Project.
International Quality of Life Assessment. Journal of clinical epidemiology. 1998; 51(11):1171–8. PMID:
9817135.
21. Ware J Jr., Kosinski M, Keller SD. A 12-Item Short-Form Health Survey: construction of scales and pre-
liminary tests of reliability and validity. Medical care. 1996; 34(3):220–33. PMID: 8628042.
22. Health UDo. Interpreting the SF-12. 2001.
23. Doganay Erdogan B, Leung YY, Pohl C, Tennant A, Conaghan PG. Minimal Clinically Important Differ-
ence as Applied in Rheumatology: An OMERACT RaschWorking Group Systematic Review and Cri-
tique. The Journal of rheumatology. 2015. doi: 10.3899/jrheum.141150 PMID: 26034156.
24. Kivitz A, Cohen S, Dowd JE, EdwardsW, Thakker S, Wellborne FR, et al. Clinical assessment of pain,
tolerability, and preference of an autoinjection pen versus a prefilled syringe for patient self-administra-
tion of the fully human, monoclonal antibody adalimumab: the TOUCH trial. Clinical therapeutics. 2006;
28(10):1619–29. doi: 10.1016/j.clinthera.2006.10.006 PMID: 17157117.
25. Amgen. Enbrel Prescribing Information 2013. Available: http://pi.amgen.com/united_states/enbrel/
derm/enbrel_pi.pdf. Accessed 12 July 2015.
26. Abbvie. Humira Prescribing Information: Abbvie; 2014. Available: http://www.rxabbvie.com/pdf/humira.
pdf. Accessed 12 July 2015.
27. Jamnitski A, Krieckaert CL, Nurmohamed MT, Hart MH, Dijkmans BA, Aarden L, et al. Patients non-
responding to etanercept obtain lower etanercept concentrations compared with responding patients.
Annals of the rheumatic diseases. 2012; 71(1):88–91. doi: 10.1136/annrheumdis-2011-200184 PMID:
21914626.
PROs: Etanercept versus Adalimumab
PLOSONE | DOI:10.1371/journal.pone.0149781 March 23, 2016 10 / 11
28. Krieckaert CL, Jamnitski A, Nurmohamed MT, Kostense PJ, Boers M, Wolbink G. Comparison of long-
term clinical outcome with etanercept treatment and adalimumab treatment of rheumatoid arthritis with
respect to immunogenicity. Arthritis and rheumatism. 2012; 64(12):3850–5. doi: 10.1002/art.34680
PMID: 22933315.
29. Jamnitski A, Bartelds GM, Nurmohamed MT, van Schouwenburg PA, van Schaardenburg D, Stapel
SO, et al. The presence or absence of antibodies to infliximab or adalimumab determines the outcome
of switching to etanercept. Annals of the rheumatic diseases. 2011; 70(2):284–8. doi: 10.1136/ard.
2010.135111 PMID: 21068090.
30. Chen DY, Chen YM, Tsai WC, Tseng JC, Chen YH, Hsieh CW, et al. Significant associations of anti-
drug antibody levels with serum drug trough levels and therapeutic response of adalimumab and eta-
nercept treatment in rheumatoid arthritis. Annals of the rheumatic diseases. 2015; 74(3):e16. doi: 10.
1136/annrheumdis-2013-203893 PMID: 24442879.
31. Pincus T, Hines P, BergmanMJ, Yazici Y, Rosenblatt LC, MacLean R. Proposed severity and response
criteria for Routine Assessment of Patient Index Data (RAPID3): results for categories of disease activ-
ity and response criteria in abatacept clinical trials. The Journal of rheumatology. 2011; 38(12):2565–
71. doi: 10.3899/jrheum.110262 PMID: 22089467.
32. Clement ND, MacDonald D, Burnett R. Primary total knee replacement in patients with mental disability
improves their mental health and knee function: a prospective study. The bone & joint journal. 2013; 95-
B(3):360–6. doi: 10.1302/0301-620X.95B3.29563 PMID: 23450021.
33. Schmitt JS, Di Fabio RP. Reliable change and minimum important difference (MID) proportions facili-
tated group responsiveness comparisons using individual threshold criteria. Journal of clinical epidemi-
ology. 2004; 57(10):1008–18. doi: 10.1016/j.jclinepi.2004.02.007 PMID: 15528051.
PROs: Etanercept versus Adalimumab
PLOSONE | DOI:10.1371/journal.pone.0149781 March 23, 2016 11 / 11
